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by 


CHAPTER  1 
INTRODUCTION 


Race  is  a population  concept.  Differences  between  the 
races  are  simply  an  expression  of  gene  frequencies. 
Individuals  are  genetically  different,  except  for  identical 
twins.  According  to  population  genetics,  which  is  the 
definition  of  choice,  races  are  merely  individuals,  usually 
geographically  isolated,  sharing  collective  features  passed 
down  by  a common  ancestor  and  modified  to  some  degree  by 
environmental  pressures.  Groups  of  nonhuman  animals  may 
eventually  form  new  species,  but  modern  technologies  and 
warfare  have  broken  down  the  isolation  factor  in  humans 
(Hinkes,  1994).  Variations,  such  as  skin  color,  exhibit 
gradation  across  geographical  areas.  Such  distributions  are 
called  dines,  which  can  not  be  neatly  categorized.  "If 
race3  did  not  exist  they  would  have  to  be  invented.  Since 
they  do  exist  they  need  not  be  invented,  they  need  to  be 
understood" (Dobzhansky,  1968,  p 78). 


While  anthropologists  are  moving  away  from  a discrete, 
biological  definition  of  race,  the  general  public's 
understanding  of  the  concept  is  a central  topic  in  forensic 
anthropology.  Everyone  in  our  society  has  a "racial 
identity,"  though  the  biological  and  cultural  definitions 
may  differ.  While  race  is  a difficult  concept  at  best,  the 
fact  remains  that  in  American  culture  people  are 
categorized.  The  classifications  are  most  often  based  on 
skin  color.  Due  to  the  variety  within  groups,  however,  that 
variable  is  not  always  readily  apparent.  Nor  is  it  obvious 
in  the  remains  that  a forensic  anthropologist  often 


receives.  People  of  mixed  heritage  sometimes  choose  to  be 
part  of  one  racial  category  while  their  physical  features 
are  more  characteristic  of  another.  Cultural  race  and 
physical  race  are  separate  entities.  The  forensic 
anthropologist  understandably  has  frequent  difficulty 
assigning  cultural  race  to  a skeleton. 

Forensic  anthropologists  are  asked  to  provide  a profile 
of  the  unidentified  to  medical  and  legal  investigators  in 
order  to  make  a positive  identification  of  that  person. 

Part  of  a person's  profile  is  race.  The  categories  for  race 
used  by  the  forensic  anthropologist  must  reflect  those  in 
use  by  the  larger  society.  Three  or  four  racial 
classifications  are  commonly  used  today.  Those  of  European, 
Mediterranean,  Slavic  and  Middle  Eastern  descent  are 
categorized  as  Caucasoids  or  Whites.  Africans  are  included 
in  the  Negroid  or  Black  race,  while  Asians  and  Native 
Americans  are  either  grouped  as  Mongoloids  or  maintained  as 
separate  entities.  The  National  Crime  Information  Center, 
which  is  the  law  enforcement  data  bank  for  missing  and 
recovered  persons,  offers  five  race  classifications:  White, 

Black,  Asian,  Native  American,  and  Unknown. 


Racial  differences  are  not  clear-cut.  There  are 
gradients  of  a trait  rather  than  its  presence  or  absence. 

The  problem  then  becomes  that  forensic  anthropologists  rely 
on  discriminant  markers  of  race,  or  those  that  can  be 
compared  to  a model.  Numerous  traits,  both  metric  and 
non-metric,  fit  that  criterion.  The  anthropologist  does  the 


best  he  can  with  the  technologies  and  techniques  available, 
and  is  continually  trying  to  improve  on  the  scientific 
knowledge . 

In  forensic  anthropology,  identification  is  the  major 
concern.  This  is  a two-phase  process.  The  first  part  is 
the  biological  profile,  and  the  second  is  the  individual 
identification.  The  first  phase  is  done  to  narrow  the 
search  range  to  a manageable  sire.  Forensic  anthropologists 
take  for  granted  the  fact  that  race  can  be  determined 
reasonably  accurately  from  skeletal  remains.  The  forensic 
anthropologist  does  not  attempt  to  classify  but  rather  to 
identify.  "The  medical  examiner  does  not  want  a theoretical 
discussion  of  race,  he  wants  one  word  to  fill  in  the  blank 
space  on  a form"  (Hinkes,  1994,  p 51).  Thus  we  need  to  get 
beyond  the  philosophical  questions  of  race  and  provide 

e descriptions  of  the  biological  diversity  in  terms 
d societal  categories  (Rhine,  1994). 

Still  the  problem  remains  for  the  forensic 
anthropologist.  While  he  can  safely  say  racially  determined 
behavior  does  not  exist,  and  indeed  race  is  merely  the 
increased  frequency  of  particular  genes  in  a given 
population,  he  still  must  make  a determination  of  an 
individual's  identity  based  on  morphological  skeletal 
characteristics.  The  anthropologist  says  no  more  than  the 
person  was  most  likely  classified  as  white  or  black  or  Asian 
or  Native  American.  He  cannot  say  if  the  remains  were  those 
of  an  Irish  or  an  Italian,  or  a Nigerian  or 


African-American. 


Nor  can  he  make  any  remarks  about  the 
individual's  temperament  or  intelligence  from  the  skeleton. 
If  there  are  conflicting  racial  traits,  the  forensic 
anthropologist  can  only  say  as  much,  with  little  speculation 
on  the  actual  race  classification  chosen  in  life.  To  deny 
him  the  chance  to  provide  a racial  category  is  tantamount  to 
denying  a gender  category.  "Equality  and  inequality  are 
sociological,  and  identity  and  diversity  are  biological 
phenomena" (Dobzhansky,  1968,  p 79). 

Many  techniques  are  available  to  assist  in  answering 
the  question  of  racial  affiliation,  yet  physical 
anthropologists  are  always  seeking  more  information  for 
their  search.  The  reliability  of  these  methods,  especially 
for  postcranial  remains,  is  not  always  satisfactory.  Racial 
characteristics  are  most  evident  in  the  cranium.  However, 
the  skull  is  not  always  available  for  assessment  due  to  the 
use  of  high-velocity  weaponry  or  disarticulation.  The  limbs 
can  be  used  to  a limited  extent  with  current  techniques. 
Studies  on  the  postcranial  bones  are  few,  and  most  do  not 
provide  particularly  accurate  results. 

My  research  attempted  to  provide  a more  accurate 
technique  to  determine  ancestry  from  the  morphology  of  the 
femur.  It  uses  a revision  of  the  technique  established  by 
Stewart  in  1962,  which  is  used  in  both  of  the  other  studies 
of  anterior  femoral  curvature.  The  methods  of  the 
accumulation  of  the  data  and  its  analysis  are  also 
presented.  The  goal  of  this  project  is  to  determine  the 


utility  of  anterior  femoral  curvature  as  a race  assessor 
and,  if  useful,  to  provide  a replicable  and  easy  method  of 
classification. 

This  study  also  addresses  the  question  of  why  a racial 
difference  would  exist  initially.  In  order  for  the 
morphology  of  a particular  feature  to  be  useful  in  the 
assessment  of  a trait  such  as  race,  variation  must  be 
present.  In  addition,  the  variation  must  be  non-random. 

The  shape  of  the  femur  is  due  to  genetic,  functional,  and 
environmental  causes.  Walensky  (1965)  realised  this  fact, 
but  he  did  not  propose  any  explanations.  This  study 
includes  a discussion  of  an  evolutionary  implication  and 
interpretation. 

All  of  this  has  nothing  to  do  with  the  overall  race 
debate.  There  is  no  argument  that  racial  diversity  is 
geographically  influenced.  The  practice  of  forensic 
anthropology  does  not  provide  exoneration  for  the  old  stance 
of  racial  classification.  It  merely  attempts  to  provide  a 
label  for  an  individual  based  on  skeletal  traits  (Sauer, 
1992).  This  research  is  meant  only  to  assist  forensic 
anthropologists  in  their  arduous  task  of  identifying  the 
unknown. 


CHAPTER  2 
PREVIOUS  STUDIES 


accepted  as  a valid  method  of  determining  race,  the  use  of 
the  postcranial  skeleton  for  that  task  has  been  documented 


only  in  a limited  number  of  studies.  The  utility  of  the 
pelvis  and  limbs  was  researched,  but  no  simple,  single 
method  for  assessment  was  proposed.  Most  emphasize  the  neec 
for  a combination  of  bones  in  the  accurate  analysis  of 
ancestry.  The  use  of  the  femur,  and  in  particular  anterior 


femoral  curvature,  has  been  sugge 
While  the  differences  between  grc 


projects, 
by  each  of 


the  classification  of  i 


variations  between  whites  and  blacks.  Each  focused  on  a 


body.  Some  attempted  to  show 


adequate  for  individual  race  assessment. 


Todd  (1929)  attempted  to  point  out  all  of  the  variation 
between  the  races.  The  sample  consisted  of  the  corpses  of 
whites  and  blacks  in  Cleveland,  which  eventually  became 


known  as  the  Hamann-Todd  Collection.  Seventy- five 
dimensions  were  compared,  and  the  results  showed  some 
diversity  in  the  face  and  trunk.  The  pelvis  exhibited 
differences  which  centered  on  the  lower  iliac  height  and 
more  narrow  pelvic  width  of  blacks.  The  black  lower  limb 
was  proportional  to  the  overall  length,  and  that  of  whites 
was  less  proportionate.  The  femur  was  not  specifically 
addressed.  In  addition,  blacks  had  more  variation  for  the 
measured  traits.  Overall,  there  were  no  significant 
differences  found  between  the  races  in  relation  to 
dimensions  of  the  postcranial  bones.  However,  Todd  believed 
in  the  "pure”  races,  and  accounted  for  the  lack  of  variation 


by  admixture. 

Hrdllcka  (1942)  analyzed  the  scapula  for  racial 
variation,  but  he  mostly  studied  whites.  He  divided  the 
whites  into  groups  according  to  region  of  origin.  The 
overall  shape  of  the  scapular  body  was  divided  into  six 
types.  Racial  variations  were  seen  in  the  percentage  of  a 
particular  shape  in  each  group.  Whites  had  predominately 
triangular  shaped  scapulae,  while  blacks  exhibited  accessory 
teres  borders  more  frequently.  The  superior  border  also 
varied  by  race,  with  whites  possessing  a more  horizontal 


shape  and  blacks  having  oblique  borders, 
showed  very  little  racial  variation.  No 


The  scapular  notch 
explanations  for 


the  dissimilarities  were  offered.  The  within  group 
variation  was  too  great  to  allow  for  accurate  individual 
race  assessment  from  the  information  provided. 

The  study  by  Letterman  (1941)  was  to  elicit  the  race 
and  sex  differences  of  the  greater  sciatic  notch  on  the 
pelvis.  The  Terry  Collection,  then  still  housed  at 
Washington  University,  was  used.  The  measurement  of  the 
greatest  width  of  the  greater  sciatic  notch  showed  a mean 
difference  between  white  and  black  males  of  3.4  mm  and 
between  females  of  2.56  mm,  with  whites  being  larger. 

Height  varied  less,  but  significant  racial  differences 
existed  (1.63  mm  in  males;  2.56  mm  in  females).  Distance 
posterior  inferior  iliac  spine  to  the  point  at 
greatest  height  and  greatest  width 
larger  in  white  males,  but  much  less 


which  the  lines 
intersected  was 


significant 
were  larger  than  blacks.  ' 
that  the  ilium  is  smaller 
no  explanation  of  why.  Ai: 
were  less  variable,  which  i 
increased  racial  mixture,  * 
variability. 

Ingalls  (1927)  showed 
position  is  more  laterally 

stable  in  blacks. 


females.  Overall,  white  averages 
The  reasoning  seems  to  be  only 
blacks,  but  Letterman  offered 
he  author  said  was  that  blacks 
i against  previous  thoughts  that 
in  American  blacks,  increased 


posteriorly  placed  in  blacks 
conformation  makes  the  knee  joint  less 
does  not  answer  the  question  of 


identification. 


10 

Studies  on  racial  affinity,  except  those  involving  the 
cranium,  were  largely  ignored  in  the  latter  half  of  this 
century.  A resurgence  came  about  in  the  1970's,  and  several 
analyses  that  centered  on  the  infracranial  bones  were 
undertaken.  Again,  no  exceptional  method  of  assessing  race 
was  found. 

In  1975,  Farrally  and  Moore  produced  one  of  the  only 
articles  relating  to  racial  differences  in  long  bones.  The 
authors  sought  to  show  the  differences  between  blacks  and 
whites  in  the  morphology  and  function  of  the  knee  joint. 

The  theory  that  increased  length  affected  locomotion  was 
analyzed.  Nine  standard  measurements  of  the  bone,  as  well 
as  one  that  was  created,  were  taken  on  a sample  of  34  blacks 
and  27  whites.  The  results  indicated  that  adaptation  to 
environmental  temperature  created  changes  in  the  structure 
of  the  bones,  especially  at  the  positioning  of  the  knee. 
However,  no  clear  and  distinct  difference  was  found  that 
would  easily  separate  the  groups. 

Feeling  the  postcranial  bones,  except  the  femur,  were 
largely  under-utilized  for  race  assessment,  Iscan  (1983) 
studied  the  pelvis.  After  the  pelvis  was  assembled  with 
"several  rubber  bands”,  three  measurements  were  selected  for 
analysis.  The  first,  biiliac  breadth,  was  measure  on  an 
osteometric  board  at  the  maximum  width  between  the  iliac 
crests.  The  anteroposterior  height,  or  conjugate  diameter, 
was  an  average  of  the  distances  between  the  sacral 
promontory  and  each  pubic  crest.  The  maximum  measure 


between  the  arcuate  lines  comprised  the  transverse  breadth. 
The  differences  between  the  means  of  each  race  and  sex  for 
each  variable  were  statistically  significant.  The  most 
diagnostic  variable  was  the  transverse  breadth,  and  age  was 
a contributing  factor  to  racial  assessment.  Females  were 


While  a useful  study,  race  identification  from  the 
pelvis  has  not  been  particularly  applicable.  While  the  best 
results  were  88*  accurate  for  females  and  83*  for  males 
(Iscan,  1983),  the  extra  burden  of  needing  fully  complete 
innominates  and  a sacrum,  a rarity  even  in  forensic  cases, 
makes  this  technique  difficult  to  utilize.  In  addition,  the 
method  by  which  the  measurements  must  be  taken recon- 

structing the  pelvis  and  sacrum  with  rubberbands— is  arduous 
and  impractical. 

DiBennardo  and  Taylor  (1985)  also  saw  a need  for  racial 
assessment  from  postcranial  bones.  They  chose  the  femur  and 
pelvis  because  of  the  accuracy  in  sexing  the  individual  from 
these  bones.  Several  measurements  of  a single  side  of  the 
pelvis  were  used.  The  measurements  of  the  femur  included 
maximum  length,  circumference  at  midshaft,  epicondylar 
breadth,  and  the  angle  of  position.  The  results  yielded 
information  readily  observable  to  the  eye:  black  femurs  were 
longer  and  more  gracile.  However,  the  authors  claimed  a 95* 
accuracy  in  predicting  both  race  and  sex  from  the  two  bones 
Determination  of  race  alone  was  only  87*  reliable.  The  use 
of  both  the  pelvis  and  the  femur  were  linked  to  the 


diff 


limb 


encountered  (DiBennardo  and  Taylor,  1985) . 

A more  recent  study  concerning  the  femur  was  published 


in  1990.  The  maximum  height  of  the  anterior  outlet  of  the 


flat 


the 


taken,  using  sliding  calipers, 
the  outlet  to  the  table. 


(Baker,  Gill,  and  Kieffer,  1990). 


Iscan  (1990)  furthered  his  1983  study  by  developing 


The 


itely 


for  pursuing  this  raetho 


allowing: 


Each  femur  was  placed  flat  on  a table,  anter 
up,  resting  on  Its  condyles  and  quadratus  tubercl 
wooden  wedge  was  inserted  under  the  proximal  end 


The  height  from 


was  measured  at  the  leveling  points,  the  greatest 
(anterior  femoral  curvature),  the  highest  point  o 


Condylar  ler 
heights.  T1 


atios  with  the  previc 


highest 


greater  trochanter  to  the  point  of  the  greatest 
was  also  measured.  The  ratio  of  the  two  lengths 


Stewart  concluded  the  longest  femurs  were  from  the 
blacks,  and  the  Indians  had  the  greatest  curvature,  both 
visually  and  relative  to  length.  However,  only  the 
differences  between  blacks  and  Indians  were  statistically 
significant.  Torsion  and  curvature  appeared  related,  but 
the  connection  may  have  only  been  in  the  fact  that  both  were 
great  in  the  Indians.  Stewart  remeasured  the  samples,  this 
time  rotating  the  femurs  medially  until  the  anterior  femoral 
curvature  was  in  line  with  the  proximal  area  of  attachment 
of  the  vastus  lateralis  muscle.  This  eliminated  the  torsion 
factor.  All  the  remeasuring  accomplished  was  further 
separation  of  the  Indians  from  the  blacks  and  whites,  but 
not  the  differences  between  the  latter  two.  Stewart  did 
note,  however,  that  pilastry  and  cross-sectional  shape  also 
can  be  used  to  some  moderate  degree  of  certainty  to  race 


further 


skeletal  remains.  Stewart  pointed 
research,  which  included  other  long  bone 
anterior  femoral  curvature. 

In  1965,  Walensky  furthered  Stewart 
increased  the  sample  size.  In  addition, 
previously  unstudied  groups,  as  well  as  sex  and  s 
differences  in  the  amount  and  position  of  femoral 
A total  of  874  femurs,  including  white,  Indian,  Eskimo,  a 


blacks 


n 150  pounds)  and  tt 
t less  than  60  Inches  t 


e first,  that 
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inches  in  height  weighing  less  t 
endomorphic  (over  200  pounds  t 
whites  and  blacks.  His  goal  was  to  answer  some  of  the 
questions  of  causes  of  anterior  femoral  curvature  that  the 
previous  studies  had  put  forth.  The  sample  included  mostly 
males  and  only  right  femurs  when  available. 

The  results  produced  five  hypotheses, 
an  equestrian  nomadic  lifestyle  was  the  caus 
discounted  by  the  presence  of  similar  degrees  of  c 
in  specimens  without  access  to  horses.  Next,  the  idea  that 
it  was  a characteristic  of  earlier  forms  only  was  proven 
false  by  the  presence  of  bowing  in  modern  samples.  The 
third  hypothesis,  that  it  was  a consequence  of  Bergmann's 
rule,  was  disproved  by  the  differences  present  in  samples 
from  similar  climes.  The  fourth  proposal  was  that  anterior 
femoral  curvature  was  the  outcome  of  postural  habits.  This 
was  again  disproved  by  the  presence  of  similar  cultures  with 
a versa.  The  final  theory  was  that 
genetic  basis,  it  was  affected  by 
:his  idea  as  the  true  reason 
sen  between  groups,  and  the 
curvature  found  in  the  fat  and 
.r  groups.  The  problem  with 
:hat  he  based  his  opinion  on  a 
was  representative  of  extremes, 
race  from  the  femur  is  not  the 


different  habits,  and  vie 
while  the  curvature  had  a 
weight.  Gilbert  claimed 
because  of  the  variance  si 
increase  (or  decrease)  of 
thin  specimens  within  the; 
Gilbert's  conclusions  Is  I 
limited  sample  size  which 
Nonmetric  analysis  ol 
best  method,  but  it  has 


been  utilized  often,  visual 
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inspection  can  give  some  indication  of  the  possible  race, 
although  no  degree  of  accuracy  has  been  determined.  One 
method  involves  placing  the  femur  on  a flat  surface, 
posterior  side  towards  the  table.  The  investigator  then 
runs  his  hand  under  the  bone.  If  the  hand  can  clear  the 
posterior  side  of  the  femur,  the  individual  was  most  likely 
white  (Maples,  1993,  personal  communication).  This 
procedure  can  quickly  separate  whites  and  blacks. 

None  of  these  studies  give  satisfactory  answers  to  the 
question  of  why  femoral  curvature  exists.  In  addition,  the 
utility  of  this  trait  as  a classificatory  tool  has  yet  to  be 
determined.  Although  forensic  and  physical  anthropologists 
have  long  talked  of  the  differences,  any  test  to  prove  the 
has  not  been  developed. 


differences 


CHAPTER  3 

METHODS  AND  MATERIALS 

Analyzing  femurs  requires  very  little  in  the  way  of 
specialized  materials.  The  specimens  for  this  research  came 
from  modern  skeletal  populations  throughout  the  country. 

The  tools  used  were  almost  all  readily  available  in  the 
forensic  laboratory.  The  need  to  have  a simple,  replicable, 
reliable  method  of  assessing  race  from  postcranial  remains 
was  the  basis  for  this  study. 

This  research  was  undertaken  to  remedy  the  weaknesses 
of  Stewart's  work.  The  distinction  between  whites  and 
blacks  was  addressed,  because  that  is  where  the  greatest 
deficiency  lies  in  current  methods.  Stewart  recognized  that 
his  undertaking  only  further  separated  Native  American  bones 
from  those  of  Whites  or  Blacks,  but  provided  no  substantial 
discrimination  between  the  latter  groups. 

The  reason  for  developing  a new  method  of  measuring  the 
femurs  was  to  reduce  the  subjectivity  of  Stewart’s 
technique.  Stewart  used  "eyeballing”  as  the  standard  for 
determining  the  femur  was  at  the  leveling  point.  The  femur 
was  placed  on  a table,  and  a wooden  wedge  was  placed  under 
the  proximal  end  of  the  bone,  -so  as  to  raise  the  deepest 
point  (bottom)  of  the  anterior  concavity  at  the  proximal  end 
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concavity  at  the  distal  end."  (Stewart,  1962,  p 50).  With 


Stewart's  study  was  further  hampered  by  the  lack  of 
access  to  easy-to-use  computer  statistical  programs.  He 


observations,  so  he  did  not  collect  a large  sample  of  both 


collections.  Existing  as  donated  and  unidentified  remains. 


strictly  forensic  specimens.  A total  of  36  individuals  were 
used,  with  only  IS  being  in  the  final  analysis.  Those 


Anthropology  were  from  both  forensic  cases  and  donated 
bodies  at  the  Bass  Anthropological  Research  Facility.  A 
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Terry  collection  consisted  of  dissecting-room  cadavers  of 
known  age  at  death,  race  and  sex.  Begun  in  the  1920's  by 


corpses.  All  bodies  were  autopsied  prior  to  being  released 
to  Terry,  so  complete  pathological  reports  were  available. 
Photographs,  plaster  casts,  hair  and  tissue  samples  were 
acquired  from  many  or  all  of  the  cadavers  prior  to 
scientific  examination.  After  the  Washington  University 
Medical  School  students  dissected  the  bodies,  the  skeletons 
were  stored  for  osteological  analysis.  Mildred  Trotter 
continued  the  collection  after  Terry  retired,  filling  in  the 
demographic  gaps.  She,  along  with  T.  Dale  Stewart,  was  also 
responsible  for  transferring  the  treasury  to  the  National 
Museum  of  Natural  History.  The  number  of  skeletons  now 

to  102  years  (Hunt,  1994,  personal  communication). 

The  Huntington  collection  consisted  of  immigrant  and 
American  populations  of  known  ancestry  or  country  of  origin, 

professor  at  the  College  of  Physician  and  Surgeons  in  New 
York  City,  accumulated  the  remains  during  the  end  of  the 
19th  and  beginning  of  the  20th  centuries.  The  cadavers, 
similar  to  the  Terry  collection,  were  wards  of  the  state 


FEMORAL  MEASUREMENT 


A NUMBER:  CASENAME 


E NUMBER:  CASENUM 


I-M;  2 


3E:  SEE  BFJ.OW  RACE: 


MEASUREMENTS  (IN  MM) 

MAXIMUM  LENGTH 

OBLIQUE  LENGTH  (IN  POSITION) 

B I CONDYLAR  BREADTH 
AP  DIAMETER  AT  MIDSHAFT 
TRANSVERSE  DIAMETER  AT  MIDSHAFT 
SUBTROCHANTERIC  AP  DIAMETER 
SUBTROCHANTERIC  TRANSVERSE 
DISTANCE  FROM  TABLE  (Rl) 
DISTANCE  FROM  TABLE  (R2) 
DISTANCE  FROM  TABLE  (R3) 
DISTANCE  FROM  TABLE  (PROXIMAL) 
DISTANCE  FROM  BLOCK  (DISTAL) 
DISTANCE  FROM  BLOCK  (PROXIMAL) 
PROXIMAL  - DISTAL  DISTANCE 


T.BICON 

I.RPMTD 

ITRMID 

LAPSUB 


Figure  3.1 
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these  aspects.  The 
>e  to  six  millimeters 
platymeria,  or 
le  transverse 
the  calipers 
s femur  until  the 


difference  between  the  races 
subtrochanteric  diameters,  taken  three  I 
below  the  lesser  trochanter,  determine  I 
flatness,  of  the  femur  (Olivier,  1969) . 
diameter  was  determined  at  each  point  wi 
perpendicular  to  the  table.  By  turning 
condyles  were  exactly  perpendicular  to  t 
sagittal,  or  anterior-posterior,  diameter  was  made. 

Next,  the  femur  was  placed  on  two  blocks,  with  the 
anterior  side  of  the  bone  facing  the  table  (Figure  3.3). 

The  dimensions  of  the  blocks,  which  were  cut  from  a solid 
piece  of  aluminum,  were  exactly  30  mm  by  50  mm  by  100  mm 
(Figure  3.4).  The  measurements  were  collected  using  a 
metric  dial  caliper,  in  tenths  of  millimeters.  Correct 
positioning  of  the  femur  was  accomplished  by  ensuring  that 
the  head  and  greater  trochanter  rested  completely  on  one 
block.  At  the  other  end,  the  lateral  condyle  also  contacted 
the  block,  while  the  medial  condyle  was  suspended  (Figures 
3.5,  3.6).  The  distance  from  the  surface  of  the  block  to 
the  most  superior  point  of  the  medial  patellar  joint  surface 
composed  the  distal  measure  (Figure  3.7).  The  distal 
condyles  were  then  laid  flat  on  the  block,  suspending  the 


greater  trochanter  o 
distance  from  t 


■ (Figure  3.8, 


i cervical  tubercle  at  the  intertrochanteric 
line  to  the  block  was  the  proximal  measure  (Figure  3.10). 

By  subtracting  the  distal  measurement  from  the  proximal 
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igure  3.7:  The  distal  measure  (RBDIS,  LBDIS)  is 

from  the  medial  patellar  surface  to  the  block. 


four  points 
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if  the 


Anterior  femoral  curvature,  the  measu 

distance  from  the  table  to  each  of  the  three 
determined  points  yielded  the  curvature  (Figi 

to  the  table  was  used  to  further  illustrate  t 
curvature  (Figure  3.14). 


After 
heights  of 


aviously 
i 3.11,  3.12, 


amount  of 


curvature,  along  with  any  other  racially  Influenced  factors, 
could  be  established.  Statistical  analyses  were  performed 


variables  to 


rfhich 
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Figure  3.13:  Three-quarters  of  the  length  of 

the  femur  is  the  third  measure  (RR3,  LR3 ) . 


Figure  3.14:  The  proximal  measurement  (KFKOX,  TPROX) 

is  from  the  most  anteriorly  projecting  point 
on  the  intertrochanteric  line  to  the  table. 
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First,  the  test  combines  the  traits  that  best  sort  the  known 
groups.  By  using  stepwise  variable  selection,  discriminant 
function  analysis  can  find  the  set  of  variables  that 
optimize  the  separation.  Then,  group  membership  can  be 
calculated  from  the  resulting  coefficients  (Norusis,  1985). 
The  results,  discussed  in  the  next  chapter,  included  the 
elimination  of  some  measurements  that  were  initially 
believed  to  be  important. 

The  ultimate  goal  of  this  study  was  to  provide  a new, 
easily  utilized  technique  to  better  identify  skeletal 
remains  by  forensic  anthropologists.  A formula  for  which  a 
single  specimen  can  be  accurately  placed  in  a racial 
category  was  devised.  The  technique  to  obtain  the  measures 
is  simple  and  does  not  require  specialized  and  expensive 
tools.  Most  well  equipped  laboratories  or  practitioners 
already  own  the  necessary  implements.  In  the  following 
chapter,  the  best  measurements  needed  to  do  this  method  of 
race  assessment  are  discussed,  and  the 


formula  is  given. 


CHAPTER  4 
RESULTS 

The  success  of  finding  racial  factors  in  the 
measurements  of  the  femur  was  good.  By  using  the 
unstandardized  canonical  discriminant  function  coefficients, 
race  can  be  determined  with  an  accuracy  of  88.15*  on  the 
right  femur,  and  an  86.10%  accuracy  rate  using  the  left 
femur.  While  the  differences  overlap  between  the  groups, 
and  even  within  the  groups,  race  determination  with  femoral 
measurements  is  attainable. 

Variable  Results 

The  statistics  represented  both  previously  noted 
variations  and  newly  derived  calculations  of  the  differences 
between  the  femurs  of  blacks  and  whites.  Earlier  studies 
did  not  elucidate  the  variability  between  the  groups,  nor 
did  they  show  the  need  for  using  multiple  variables  to 
demonstrate  and  quantify  those  differences.  This  research 
was  able  to  improve  on  both  weaknesses.  In  addition,  a 
larger  sample  provided  more  accurate  simple  statistic 
information  for  the  population  than  before.  Table  4.1 
provides  variable  statistics  of  the  entire  sample,  and  Table 
4.2  shows  the  means  and  standard  deviations  of  each  group, 
as  well  as  those  of  the  total  population  for  comparison. 
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Table 


The  maximum  and  oblique  lengths,  as  historically  noted, 
were  greater  in  blacks  than  whites (Figure  4.1| . White 
femora,  though  shorter,  have  been  described  as  being  more 
robust  than  black  femora.  The  bicondylar  breadth  was  larger 
in  whites.  However,  the  subtrochanteric  and  midline 
diameter  measures,  which  yielded  the  overall  dimensions 
including  the  pilastry  and  cross-sectional  shape,  were  not 
significantly  different  between  the  groups. 


Figure  4.1:  Femoral  Length  by  Group 

Anterior  femoral  curvature  is  justified  as  a racially 
distinguishing  characteristic.  The  measurements  indicating 
anterior  femoral  curvature  showed  striking  differences 
between  the  groups.  Table  4.3  provides  the  T-tests  of  each 
variable,  which  indicates  the  statistical  significance  of 


variation. 


Table  4.3:  Results  of  T-Test  for 

Statistical  Significance 

F-VALUB  2-TAIL  POOLED  VARIANCE  1 


The  overall  trend  is  evident  in  the  differences  between 
the  group  means  for  the  variables  directly  related  to 
curvature.  The  distance-to-table  variables  IR1,  R2,  R3, 
PROX)  demonstrate  group  means  that  deviate  from  the  sample 
mean  by  a minimum  of  .4.  Blacks  are  consistently  above  the 
mean,  and  whites  are  below  the  mean.  That  shows  that  the 
white  bones  come  closer  to  the  table  (less  distance)  than 
those  of  the  other  group.  The  mean  for  whites  in  the  one 
quarter  measure  was  -.39  on  the  right  and  -.12  on  the  left, 
while  blacks  had  a mean  of  .77  on  the  right  and  1.18  on  the 
left,  with  group  differences  of  1.16  and  1.30.  The 
differences  are  1.03  and  .84  over  the  total  sample  means. 
Similar  results  were  obtained  from  the  one  half  and  three 
quarter  measures,  with  group  differences  of  2.35  (right)  and 
2.55  (left)  for  the  former  and  considerable  3.35  (right)  and 
3.01  (left)  for  the  latter.  The  measures  made  at  the 
proximal  end  of  the  femur  had  less  of  a group  difference 
between  the  means,  with  only  .62  for  the  right  side  and  .75 
for  the  left.  The  group  proximal  means  were  closer  to  the 
total  means  as  well.  Figure  4.2  graphically  illustrates  the 
variations  of  each  group  around  the  population  mean. 


indicated  some  variation  between  blacks  and  whites.  The 
difference  between  the  means  were  around  three  for  both  the 
distal  and  proximal  measures  on  both  femurs.  In  addition, 
the  groups  were  equally  distant  from  the  total  variable 
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sixty.  Not  only  did  this  create  categories  for  easier 


The  variables  alone  provided  signi 
racial  differences  in  the  femur.  H 


formula 


to  classify  a single  bone. 


The  formula  is  provided  in  the  following  section. 


Discriminant  Function  Analvsi: 


function  analysis.  The  variables  were  selected  to  minimize 
RAO's  V,  with  a minimum  tolerance  of  .001  for  inclusion. 

The  analyses  of  both  femurs  took  sixteen  steps  to  derive  the 
coefficients  needed  to  classify  accurately  the  groups. 

All  variables  except  the  subtrochanteric 
antero-posterior  diameter  and  the  calculated  torsion 
measurement  were  used.  Apparently,  the  proximal  and  distal 
distance-to-block  measures  were  adequate  to  describe  the 
variation  of  the  torsion  of  the  femur.  The  maximum 


The  age  variable  chosen  by  the  program  was  AGE1,  or 
under  thirty.  All  individuals  over  the  age  of  thirty  were 


in  the  formula.  An  example  of  the  methodology  will  be 
presented  later. 

Classification  was  achieved  by  assigning  scores  for 
each  case.  The  discriminant  scores  were  calculated  with  the 


necessary  to  have  both.  The  following  is  the  basic  formula 
femora  found  in  Tables  4.4  and  4.5: 


Table  4.4:  Discriminant  Function  Canonical  Coefficients 


Coefficient 


Oblique  Length  (ROBL) 

Bicondylar  Breadth  (RBICON) 

Antero-posterior  diameter— Midshaft  (RAPMID) 
Transverse  diameter— Midshaft  (RTRMID) 
Subtrochanteric  transverse  diameter  (RTRSUB) 
1/4  Shaft  distance  from  table  (RR1) 


1/2  Shaft  distance  from  table  (RR2) 
3/4  Shaft  distance  from  table  (RR3) 


Distal  distance  from  block  (RBDIS) 
Proximal  distance  from  block  (RBPROX) 

Age  (AGE1) 


-.05128 

-.17654 

.12429 


.09223 

.05108 

-.04478 

.15911 

.19848 

-.11947 

-.62248 


98848 


The  black  scores  were  calculated  as  positive,  while 

was  .10.  Those  above  the  point  (positive)  were  classified 
as  black,  while  those  below  that  point  (negative)  were 


Coefficie 


Variable 

Maximum  Length  (LMAX) 

Oblique  Length  (LOBL) 

Bicondylar  Breadth  (LBICON) 

Antero-posterior  diameter — Midshaft  (LAPMID) 
Transverse  diameter--Midshaft  (LTBMID) 
Subtrochanteric  transverse  diameter  (LTRSUB) 
1/4  Shaft  distance  from  table  (LR1) 

1/2  Shaft  distance  from  table  (LR2) 

3/4  Shaft  distance  from  table  (LR3) 

Proximal  distance  from  table  (LPROX) 

Distal  distance  from  block  (LBDIS) 

Proximal  distance  from  block  (LBPROX) 


.11350 

-.10512 


08134 


.05371 

.19554 

.16902 

-.84729 

2.03726 

1.02720 


right  femur,  and  Figure  4.4  is  that  of  the  left  femur. 


LEELEEMUR 
GROUP  FUNCTION  1 

1 White  -1.12118 

2 Black  1.37488 


Figure  4.3:  Scattergram  for  Discriminant  Scores 

Right  Femur 


Scattergram  for  Discriminant  Scores 


Only  39  of  329  cases  were  misclassified  using  the 
formula  for  the  right  femur.  The  left  femur  formula  was  not 
as  accurate.  Forty-six  of  331  were  incorrectly  classified. 
Blacks  were  more  often  misclassified  than  whites  (13.8% 
versus  9.8*  on  the  right;  14.1*  versus  13.7%  for  left).  Of 

regard  to  the  variables,  including  age  or  sex. 

Misclassification  can  be  accounted  for  by  the  fact  that 

Today,  African-Americans  have  an  estimated  20-30*  European 
genes.  The  rate  of  incorrect  grouping  shadows  that  figure. 
In  addition,  blacks  have  some  curvature,  although  not  as 
much  as  whites.  Therefore,  some  inaccuracy  is  to  be 

The  data  were  tested  with  the  skeletal  collections  at 

Anthropology  Forensic  Laboratory  and  the  First  African 
Baptist  Church  of  Philadelphia.  The  results  were 
noteworthy.  Tables  4.7  and  4.8  give  the  calculated 

determined  from  those  scores  for  the  LSU  collection  and  the 
First  ABC  collection  respectively.  The  actual  race  is  also 
included  to  demonstrate  the  accuracy.  Misclassifications 


ACTUAL 


Table  4.6:  Test  Sample  Results 


LSU  LI 
LSU  L2 
LSU  L3 


LSU  L8 
LSU  L9 
LSU  L10 


LSU  L15 
LSU  LI 6 
LSU  L17 


0.13  B 

1.82  B 

3.17  B 


-1.17 

. 

-0.47 

. 


-0.31  W 

-0.92  W 

0.15  B 

2.55  B 


LEGEND:  **—  MISCLASSIFIED  RACE;  W— WHITE;  B— BLACK 


RIGHT  FEMUR 


FABC  F2 
FABC  F3 
FABC  F4 


FABC  Fll 
FABC  F12 
FABC  FI  3 


LEFT  FEMUR 
SCORE  RACE 


ACTUAL  RACE 


LEGEND:  ** — MISCLASSIFIED  RACE;  W— WHITE;  B— BLACK 


As  can  be  seen  from  the  above  tables,  the  results 
obtained  by  the  formula  were  75*  accurate.  This  is  slightly 


Baptist  Church  were  classified  correctly.  Less  white 
admixture  in  the  blacks  of  the  mid-nineteenth  century  is  the 


The  only  misclassificatic 


whites,  which  is  contrary  to  the  sample  analysis.  Further 
examination  of  the  remains  suggested  that  the  individuals 

are  of  mixed  ancestry,  but  claim  Caucasian  as  their  race. 
Therefore,  while  the  femur  places  them  in  one  category,  they 

classification  tool  is  shown  to  be  useful. 


Forensic  Aopli cat  ions 

The  investigator  can  now  easily  determine  race  from 
postcranial  remains  with  reasonable  accuracy.  The  materials 
necessary  are  readily  available,  and  include  blocks  and 
metric  dial  calipers.  When  using  this  method,  however,  a 
few  simple  procedures  must  be  remembered. 

The  age  and  sex  of  the  remains  must  be  decided  prior  to 
determining  the  race.  Provided  more  elements  than  the  femur 
are  available  this  task  should  be  simple.  Even  if  only  a 
femur  is  available,  many  methods  exist  to  easily  determine 


they 


20  mm  high.  Simply 


JCks  prior 


measurement  from  the  scores  of  the  variables. 

oblique  length  (OBL) , and  the  bicondylar  breadth  (BICON) . 

portions:  one-quarter  length,  one-half  length,  and 
three-quarter  length.  Mark  each  point  at  the  end  of  each 
segment  for  the  anterior  femoral  curvature  measures  to  be 


( APMID)  and  lateral  (TRMID)  surfaces  at  the  midshaft,  and 
the  lateral  surface  at  the  subtrochanteric  level  (TRSUB) . 

The  transverse  diameter  is  determined  at  each  point  with  the 
calipers  perpendicular  to  the  table.  By  turning  the  femur 
until  the  condyles  are  exactly  perpendicular  to  the  table. 


greater  trochanter  will  rest  completely  on  one  block.  At 
the  distal  end,  the  lateral  condyle  will  also  contact  the 
block,  while  the  medial  condyle  is  raised. 

R2,  one-half  length;  R3,  three-quarter 


3-quarter  length; 
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length.  The  distance  from  the  cervical  tubercle  to  the 
table  is  the  proximal  measurement  (PROX) . 

The  distance  from  the  surface  of  the  block  to  the  most 
superior  point  of  the  medial  patellar  joint  surface  composes 
the  distal  measure  (BDIS).  Then,  push  the  distal  condyles 


Measure  from  the  cervical  tubercle  at  the  intertrochanteric 
After  completing  the  measurements  as  prescribed,  the 
formula.  Race  is  then  decided  based  on  the  discriminant 


score.  Again,  if  the  score  is  over  .10,  the  remains  are 
most  likely  black;  under  .10,  white.  If  the  score  is  close, 
non-metric  analysis  is  useful  for  corroboration. 

One  prevailing  problem  is  that  the  femur  must  be  mostly 
complete  to  utilize  this  formula.  Bones  missing  just  medial 
or  lateral  epicondyles  or  condyles,  or  portions  of  the 


Future  studies  should  rectify  this  deficiency.  This  study 
fills  a current  gap  in  forensic  identification  which  can 


CHAPTER  5 

THEORY  OF  RACIAL  DIFFERENCES 


Gilbert's  five  hypotheses,  as  discussed  in  an  ear! 

discounted  the  theories  each  in  turn  by  showing  example- 

vice  versa.  Allen's  rule  of  regional  differences  was 
specifically  dismissed  based  on  two  populations  of 
prehistoric  Native  Americans  from  similar  environments. 
Gilbert's  final  explanation  was  related  to  body  weight 
acting  on  the  bone,  although  his  sample  was  extreme.  The 


joints  of  the  limbs  (shoulder  and  hip)  are  flexible, 
allowing  for  a wide  range  of  motion,  while  the  intermediate 
joints  (elbow  and  knee)  are  adapted  for  stability.  The 
muscles  are  congregated  at  the  proximal  end,  leaving  the 
limbs  more  slender,  with  less  musculature.  Longer  bones 
have  greater  leverage  and  are  thus  faster  (Campbell,  1966). 


mode  of  locomotion  of  the  animal.  The  neck  of  the  femur  is 
longer  in  hominids  than  in  other  primates,  increasing  the 
distance  of  the  greater  trochanter  from  the  acetabulum.  The 
human  pelvis  is  also  different  from  other  primates  due  to 
bipedalism.  The  origins  of  muscles  involved  in  extension 
and  flexion  of  the  hip  have  moved  out  from  the  point  of 
pivot,  increasing  the  power  of  the  muscles. 

Limb  muscles  utilized  in  upright  walking  are  grouped  at 
the  hip  and  thigh.  Most  of  the  muscles  have  their  point  of 
origin  at  the  pelvis  and  insertion  on  either  the  femur  or 
tibia.  The  biceps'  leverage  is  at  the  hip  pivot  (the 
acetabulum) , which  was  gained  by  the  up  and  outward  movement 
of  the  ischial  tuberosity  in  evolution.  The  gluteus  maximus 
acts  as  an  extensor  in  man  rather  than  an  abductor  as  in 
other  primates.  The  muscle  lies  behind  the  acetabulum  on 
the  greatly  enlarged  and  flared  ilium.  All  the  changes  are 
evolutionary  in  the  development  of  bipedalism  (Campbell, 
1966). 


"Balking  uses  a repetitious  sequence  of  limb  motion  to 
the  body  forward  while  simultaneously  maintaining 


ability"  (Pe 


1992,  p 


cycle  is  the  complete  movement  sequence  of  one  leg.  Swing 


stance  is  while  the  foot  is  in  contact  with  the  ground. 


swing  phase  and  the  body  weight  rests  entirely  on  one  leg; 
and  terminal  double  stance,  which  is  the  end  of  the  cycle. 
The  majority  of  the  gait  cycle  is  in  stance. 

Weight  acceptance  is  the  portion  of  the  cycle  during 
which  the  body  weight  is  transferred  from  one  limb  to  the 


Muscular  function  in  bipedalism  is  different  than  in 


quadrupedal  locomotion.  The  important  flexors  are  the 


the  adductor  magnus  and  biceps  femoris.  The  iliopsoas 


thigh  in  motion 
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strike,  and  the  hamstrings  contract  to  stop  the  thigh.  The 
leg  is  kept  moving  by  the  quadriceps,  which  also  extend  the 
knee,  until  the  knee  locks.  The  abductor  muscles  (gluteus 
medlus  and  gluteus  minimus)  bring  the  trunk  over  the  thigh 
during  walking,  tipping  the  pelvis  to  the  side  of  support 
thus  shifting  the  point  of  gravity.  Balance  is  maintained 
by  the  peroneus  longus  and  brevis,  the  toe  flexors  and  the 
thigh  adductor  muscles.  The  gluteus  maximus  is  only 
powerful  after  some  extension  is  accomplished  by  other 
muscles;  therefore,  the  gluteus  maximus  is  important  in  the 
final  drive  of  the  stride  in  bipedal  locomotion  (Cartmill, 
Hylander,  and  Shafland,  1987). 

Climate  and  Limb  Pronnn  im 

Many  animals,  including  humans,  vary  in  observable  type 
over  a geographical  range.  "Protruding  body  parts,  such  as 
tails,  ears,  bills,  extremities,  and  so  forth,  are 
relatively  shorter  in  the  cooler  parts  of  the  range  of  the 
species  than  in  the  warmer  parts”  (Coon,  1972,  p.  282). 
Allen's  rule  states  that  species  found  in  cold  climes  have 
relatively  reduced  limbs,  resulting  in  low  crural  indices. 

The  variations  better  handle  radiant  heat. 

Long  limbs  allow  the  body  to  dissipate  heat,  while 
shorter  extremities  prevent  that  dissipation  by  keeping  the 
ends  closer  to  the  core.  The  limbs  are  slight  in 
musculature  as  well,  enabling  the  animal  Lo  generate  less 
heat  when  working.  The  legs,  which  work  harder  in 
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relatively  recent  migrations.  While  short-term  changes, 
such  as  brief  periods  of  starvation,  may  affect  the 
individual,  long  term  periods  of  adversity  can  affect  the 
selection  pressures  on  the  entire  population.  Variations 
among  populations  can  be  explained  by  gene  frequency 
differences  (Tanner,  1966). 


Evolutionary  changes  were  caused  by  environmental 
pressures,  "remnants"  of  which  are  still  visible  as  people 
become  more  transient  (Tanner,  1966).  Climate  and  variation 
in  human  populations  is  well  documented.  The  mean  body 
weight  and  limb  length  is  closely  related  to  the  average 
temperature  of  a region  (lower  body  weight  and  longer  limbs 
in  hotter  climates),  which  is  clearly  demonstrated  in  modern 


indigenous  populations. 

Variability,  however,  is  still  high.  Selective 
influences,  including  cultural  practices,  have  been  shown  to 
be  important.  The  use  of  muscles,  as  evidenced  by  the 
muscles  of  mastication  on  the  changes  of  the  architecture  of 
the  face,  are  influential  in  the  appearance  of  the  bones. 

The  amount  of  muscle,  as  well  as  the  shape  of  this  tissue, 
is  partially  governed  by  genetics  (Tanner,  1966).  Again, 
cultural  factors  play  an  important  part,  especially  in  the 
face  structure  (Hughes,  1968). 

Growth  regulation  differs  between  populations.  Blacks 
have  an  earlier  rate  of  ossification  than  whites,  and  the 
growth  curve  is  also  different.  The  divergence  appears  to 
be  due  to  the  selection  of  genes  that  control  growth,  which 


in  turn  are  affected  by  climate  and  altitude  (Tanner,  1966). 

Limb  to  trunk  proportions  vary  significantly  between 
blacks  and  whites  (Tanner,  1966).  Racial  differences  are 
clearly  evident  in  the  length  of  long  bones.  The  limbs  of 
blacks  of  both  sexes  are  longer  than  those  of  whites, 
especially  relative  to  stature.  In  addition,  the  lower 
portions  of  the  limbs  are  longer  relative  to  the  upper 
segments  (Trotter,  1952).  "In  general,  the  proportion  of 
limb  to  trunk,  which  varies  so  much  from  one  population  to 
another,  is  strongly  regulated  by  genetic  programming,  in  a 
way  that  overall  size  is  certainly  not"  (Tanner,  1966,  p. 
49). 


Biomechanical  theory  has  been  applied  to  the  limb 
morphology  of  bipedal  humans  to  demonstrate  the  most  energy 
efficient  design.  The  bones  and  tendons  must  maintain  a 
particular  distribution  in  order  to  withstand  the  force 
transmitted  to  the  leg  while  walking  (Witte,  Preuschoft,  and 
Recknagel,  1991).  Diaphyseal  morphology  is  a combined 
result  of  genotype  and  biomechanical  stress  (Trinkaus, 

1976).  Bone  is  very  malleable,  especially  in  response  to 
mechanical  loads  and  other  environmental  pressures.  This  is 
known  as  plasticity.  Plasticity  is  phenotypic,  not  being 
affected  by  the  genetics  of  the  individual  or  population  in 
which  it  appears  (Hughes,  1968). 

Bone  reacts  to  stresses  applied  to  it.  Loads  are 
external  forces  acting  on  the  bones.  Stresses,  the  forces 


lop  within  the 


cylinder  with  struts  (trabeculae)  to  preserve  the  shape 
(Currey,  1984). 

Bone  is  conservatively  constructed  in  order  to  reduce 
the  weight  for  more  energy  efficient  use.  in  bones  of  human 
locomotion,  the  need  for  fuel  economy  is  greater  because  the 
limbs  not  only  move  but  also  support  loads.  The  economical 
construction  is  counteracted  by  the  shape  and  structure  of 
the  bone  (Pauwels,  1980).  The  shaft  of  the  femur  can  be 
likened  to  a tube  under  the  duress  of  bending  and  torsional 
stress  while  walking,  brought  about  by  body  weight,  and 
muscular  propulsion  and  inertia  (Trinkaus,  1976) . 

Greater  loads  effect  greater  stresses  to  balance  the 
loads,  which  are  handled  by  an  increase  in  material  at  the 
point  of  largest  stress.  The  position  of  the  load  also 
determines  the  type  of  stress.  A load  that  is  in  line  with 
the  axis  of  the  material  will  produce  compression  stresses 
equally  throughout.  A slight  shift  in  the  load  creates  a 
stress  of  exponential  difference  at  the  area  of  direct 
loading. 

Shifting  the  load  also  creates  a bending  stress,  which 
causes  compressive  stress  on  one  side  of  the  cross  section 
and  tensile  stress  on  the  other.  These  stresses  could  be 
handled  by  an  overall  increase  in  the  amount  of  material, 
but  the  weight  and  energy  costs  would  also  increase.  In 
theory  and  machinery,  the  bending  stress  can  be  reduced  in 
several  ways  without  increasing  the  amount  of  material. 
Shortening  the  lever  arm  of  the  load  can  be 


effective. 


load 


point  of  maximum  stress 


position  where  it  can  be  handled  better.  Most  constructions 
are  fixed  for  function,  however,  and  the  drastic  change 
necessary  for  such  a shift  is  impractical. 

Another  way  of  reducing  the  stress  without  increasing 
the  material  throughout  is  to  place  effectively  the  material 
in  the  areas  of  greatest  stress.  Bending  gives  unequal 
stress  throughout  a cross  section.  By  loading  material 
according  to  the  areas  of  greatest  stress,  the  column  can 
withstand  the  stress  without  increasing  the  overall  weight 
of  the  structure  (Pauwels,  1980). 

A feasible  method  of  stress  reduction  involves 
counterbending.  One  way  to  accomplish  this  is  by  creating  a 
counterweight.  An  additional  load  is  added  to  the  column, 
thus  canceling  the  effects  of  the  initial  load.  The  total 
compressive  stress  of  both  loads  is  still  less  than  the 
combination  of  bending  and  compressive  stresses  from  the 
single  load.  A tension  band  can  also  be  created  as  a 
counterweight,  thus  pulling  the  stress  away  from  the  axis 
much  as  a second  load  would. 

Another  method  of  creating  counterbending,  bending  the 
column  itself,  can  reduce  the  stresses  as  well.  A column 
with  a load  acting  along  the  axis  suffers  bending  stresses 
from  compressive  forces  and  tensive  forces.  By  angling  the 
column,  the  stresses  are  negated,  leaving  only  slight 
compression.  A lighter  construction  is  thus  maintained. 


theoretical  methods  of 


In  limbs  of  locomotion,  the 
stress  relief  are  not  always  readily  apparent.  Ho  loads  are 
applied  directly  parallel  to  the  axis  of  the  bone.  The  body 
weight  is  placed  idiosyncratically  over  the  lower  limb. 
Because  equilibrium  is  maintained  by  muscles  acting  away 
from  the  axis,  the  bone  in  reality  is  always  in  high  bending 
stress.  Bending  stress  is  much  greater  and,  therefore,  more 
dangerous  to  the  bone  than  compression  stress  (Fauwels, 

An  effective  example  of  bone  reformation  to  relieve 
stress  is  the  llnea  aspera.  Often  seen  as  a ridge  called 
pilaster,  the  linea  aspera  is  the  insertion  site  of  the 
thigh  adductor  muscles  (adductor  brevis,  longus,  and  magnus, 
as  well  as  pectineus) . Pilastry  is  the  structure  that 
reinforces  the  bone  against  anteroposterior  stress.  The 
pilaster  appears  to  be  related  to  the  size,  and  thus  the 
strength  and  force,  of  the  quadriceps  in  the  anterior 
compartment  of  the  thigh.  The  greater  the  force  of  the 
muscles,  the  more  pronounced  the  pilaster. 

Another  way  of  counteracting  bending  stress  by  material 
placement  is  demonstrated  by  the  cross-sectional  shape  of 
the  femur.  Host  of  the  bending  stress  is  mediolateral,  but 
some  is  anteroposterior.  Maximum  stress  on  the  femoral 
shaft  is  on  the  lateral  aspect  at  the  subtrochanteric  level 
near  the  gluteal  tuberosity,  which  is  under  tension.  The 
greatest  stress  on  the  medial  side  is  at  the  proximal  third 
of  the  shaft.  In  cross-section,  the  placement  of  the 
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cortical  bone  reflects  the  stress  with  thicker  walls  on  the 
medial  and  lateral  sides  than  on  the  anterior  and  posterior 
borders  (Trinkaus,  1976). 

Counterbending  relief  can  also  be  seen  In  the  femur. 

The  first  type,  creating  a counterweight,  is  demonstrated  by 
the  iliotibial  tract.  This  muscle  and  tendon  bundle  runs 
along  the  lateral  border  of  the  femur  and  acts  as  a tension 
band.  The  mediolateral  stresses  on  the  proximal  half  of  the 
diaphysis  are  created  by  the  reactions  to  the  exertions  of 
the  gluteal  muscles.  However,  a segment  of  the  muscles 
within  the  iliotibial  tract  offset  the  effects  by  forming  a 
lateral  support  on  the  shaft.  Ground  forces  are  maximum  at 
straight-knee  heel  strike.  The  forces  are  transferred  along 
the  femoral  shaft,  and  the  abductor  muscles  are  at  optimum 
activity.  The  iliotibial  tract  also  becomes  taut,  reducing 
the  stress  on  the  shaft.  When  the  vastus  lateralis 
contracts,  the  muscle  increases  in  sire,  pushing  the 
iliotibial  tract  away  from  the  shaft  of  the  femur.  This 

lowering  the  bending  stress.  It  effectively  opposes  the 
action  of  the  body  weight  on  the  femoral  shaft  during  the 
Stance  phase  of  walking  (Trinkaus,  1976;  Pauwels,  1980). 

The  other  method  of  counterbending,  the  curvature  cf 
the  shaft  of  the  bone,  is  seen  in  anterior  femoral 
curvature.  Curvature  in  the  sagittal  plane  aids  in 
decreasing  the  bending  stresses  caused  by  the  body  weight  in 


front  of  the  shaft 


during 


stance  phase  of  walking. 

The  stress  lowering  effect  of  the  curved  axis  is 
particularly  great  if,  as  in  the  femur,  biarticular 
muscles  work  simultaneously,  because  the  curved  axis 
shortens  the  body  weight  lever  arm,  and  at  the  same 
time,  lengthens  the  counterbending  lever  arm  of  the 
biarticular  muscle.  (Pauwels,  1980,  p 182) 

As  the  body  weight  shifts  forward  over  the  support  leg  in 
the  stance  phase  of  locomotion,  the  limb  is  stressed  in  both 
compression  and  bending.  An  erratic  positioning  of  the  body 
weight  relative  to  the  long  axis  of  the  femur  creates  an 
inclination  that  effectively  increases  the  length  of  the 
lever  arm  acting  on  the  limb.  The  stresses  are  thus 
increased  proximal  to  distal.  Biarticular  muscles, 
including  the  hamstrings,  act  in  tension  to  partly  reduce 
the  bending  stress,  although  they  do  tend  to  increase  the 
compressive  forces.  Anterior  curvature  of  the  femoral  shaft 
further  reduces  the  stress  by  aligning  the  axis  closer  to 
the  line  of  the  load  and  thereby  shortening  the  lever  arm  by 

The  morphology  of  the  femur  is  a testimony  to  how 
biomechanics  dictates  structure.  When  the  limb  is  in  the 
single  support  phase  of  locomotion,  the  femoral  neck  causes 
the  hip  to  tilt  away  from  the  support.  The  abductors  are 
tension  bands  which  torque  the  hip  back  towards  the  support. 
Compressive  forces  of  the  femoral  neck  act  with  a shorter 
lever  arm  than  the  load  alone,  which  lessens  the  bending 


effect.  The  Iliotibial  tract  creates  a counterbending 
effect,  and  the  greater  trochanter  lengthens  the  lever  arm 
for  the  tract.  The  entire  limb  is  shifted  towards  the  line 
of  the  load,  and  the  ankle  falls  immediately  below  the  load. 
This  shortens  the  distance  from  the  load  to  the  column,  and 
the  lever  arm  of  the  load  is  further  shortened.  All  of 
these  adjustments  work  together  for  the  best  function  with 
the  least  amount  of  stress,  while  not  increasing  the  overall 
material  (Fauwels,  1980). 

Populational  Differences  in  Anterior  Femoral  Curvature 
The  possible  reasons  for  the  racial  differences  of  the 
femur  are  most  likely  Interrelated.  Blacks  have  longer 
femurs  relative  to  stature.  The  muscles  of  locomotion, 
which  traverse  the  thigh,  are  most  efficient  at  a certain 
length.  Length  and  loading  both  react  to  create  anterior 
femoral  curvature. 


c colder  climes,  the  length  of 
the  femur  shortened,  as  per  Allen's  rule.  The  reduction  in 
bone  length  also  shortened  the  length  of  the  muscles  of  the 
thigh,  thereby  compromising  their  effectiveness.  As  a 
result,  walking  became  less  efficient.  The  deficiency  was 
compensated  by  anterior  femoral  curvature.  By  creating  an 
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The  patella,  the  largest  sesamoid  in  the  human  body,  is 
encased  in  the  tendon  of  the  quadriceps.  The  placement  of 
the  patella  over  the  knee  joint  increases  the  lever  arm, 
which  increases  the  effectiveness  of  the  muscles  of  flexion 
of  the  knee.  Anterior  femoral  curvature  is  similar  in 
action.  The  lever  arm  is  moved  from  the  axis,  increasing 
the  efficiency  of  the  muscles  traversing  the  thigh.  Whites, 
by  virtue  of  their  European  ancestry,  have  the  reduction  in 
femoral  length  that  necessitates  increased  anterior  femoral 
curvature. 

The  anterior  curvature  also  decreases  the  stress  on  the 
femur.  The  muscle  action  is  moved  out  onto  the  lever  arm, 
away  from  direct  downward  force.  Longer  limbs  have  more 
material;  therefore,  they  can  support  more  weight  with  less 
deformity.  Although  the  femurs  of  blacks  are  slightly  more 
slender,  reducing  the  overall  weight,  the  structure  is  the 
same  as  in  whites. 

African-Americans  are  new  to  North  America, 
evolutionarily  speaking.  Cultural  changes  aside,  with 
barely  three  hundred  years  in  a more  temperate  climate  than 
equatorial  Africa,  blacks  have  not  had  time  to  experience 
the  selection  pressures  sufficient  to  modify  genetic  traits. 
The  population  does,  however,  have  an  average  of  30%  genetic 
mixing  with  Europeans.  Therefore,  the  between-population 
variations  are  not  as  clear  cut  as  an  ideal  model  would 
predict.  Racially  distinguishing  features  do  exist,  and 
anterior  femoral  curvature  is  one  of  those  varying  traits. 
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Curvature  exists  in  both  populations,  but  more  so  in 
whites.  This  is  a result  of  the  body's  weight  on  a shorter 
bone.  When  a shorter  limb  exists,  by  virtue  of  genetics, 
environment  or  whatever  cause,  there  is  a need  for  increased 
curvature  to  get  the  shaft  closer  to  the  axis  upon  which  the 
load  is  acting.  Following  Pauwel's  ideas,  the  more 
curvature,  the  more  the  load  of  the  body  is  shifted  to  the 
axis  over  the  support. 

The  morphology  of  the  human  leg  is  a product  of  the 
evolutionary  push  for  bipedalism.  All  humans  have  the  same 
structure  and  design.  Genetic  differences  based  on  the 
climate  in  which  the  groups  evolved  account  for  the 
variation  seen  in  the  construction.  The  femur  changed  and 
varied  as  a result  of  human  movement,  isolation,  and 
development.  Thanks  to  those  factors,  forensic 
anthropologists  can  provide  better  descriptions  of  remains 
presented  to  them. 


CHAPTER  6 
CONCLUSION 


Forensic  anthropologists  are  called  upon  to  provide  a 
description  of  skeletal  remains  in  order  to  make  an 
identification  of  the  person.  Part  of  a person's  profile  is 
race.  The  categories  for  race  used  by  the  forensic 
anthropologist  must  reflect  those  in  use  by  society  whenever 
possible.  The  ongoing  argument  among  anthropologists 
regarding  race  as  an  improper  classification  cannot  cloud 
the  issue  when  dealing  in  the  realm  of  forensics. 

Therefore,  reasonable  methods  of  determining  race  by 
whatever  bones  are  available  must  be  accessible. 

Analysis  of  the  cranium  is  an  accepted  method  of 
determining  race.  However,  the  postcranial  skeleton  has 
been  documented  only  in  a few  studies.  No  simple,  single 
method  for  assessment  has  been  proposed.  Most  studies  call 
for  the  use  of  several  bones  in  the  accurate  analysis  of 
ancestry.  The  femur,  and  in  particular  anterior  femoral 
curvature,  has  been  proposed  in  three  projects.  The 
differences  between  groups  were  described,  but  no  adequate 
method  of  utilizing  this  trait  in  the  classification  of 
individuals  into  racial  categories  was  provided. 
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done  to  develop  a method 


determining  ancestry  from  the  femur.  Based  on  Stewart's 
work  in  1962,  this  project  determined  the  practicality  of 
anterior  femoral  curvature  as  a race  assessor  and  furnished 
an  easy  and  reproducible  classification  technique.  The 
methods  for  the  new  technique  do  not  require  specialized 
materials;  the  instruments  used  are  all  readily  available  in 
any  forensic  laboratory.  The  formula  developed  was  simple 
to  use  and  accurate.  This  is  a vast  improvement  over 
previous  techniques  of  postcranial  race  assessment. 

The  femur  proved  to  be  useful  for  determining  race. 

The  unstandardized  canonical  discriminant  function 
coefficients  were  multiplied  to  the  variable  measurements 
and  added  together  to  determine  a score.  This  score  was 
used  to  place  the  individual  into  a race  category.  The 
accuracy  rate  was  88.15*  on  the  right  femur,  and  86.10* 
using  the  left  femur.  An  overlap  of  variation  was  seen 
between  the  groups,  and  even  within  the  groups,  but  overall 
race  determination  with  femoral  measurements  is  achievable. 

The  previous  studies  of  anterior  femoral  curvature  did 
not  sufficiently  answer  the  question  of  why  the  trait 
exists.  Bipedalism  greatly  influenced  the  morphology  of  the 
human  leg,  which  is  shared  by  all  groups.  The  variations  of 
the  femur  seen  between  the  groups  can  be  attributed  to  the 
climate  in  which  each  group  evolved.  Migration, 
separation,  and  evolution  changed  the  femur  sufficiently  to 
create  racial  diversity.  In  addition,  the  changes  to  the 
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